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Some of the metals that anaerobic organisms use as electron ac-
ceptors are considered contaminants. For example, recent research
has demonstrated that some microorganisms can use soluble ura-
nium (U6+) as an electron acceptor, reducing it to insoluble uranium
(U4+). Under this circumstance the organisms cause the uranium to
precipitate, decreasing its concentration and mobility in the ground
water.

Inorganic Compounds as Electron Donors. In addition to organisms that
use inorganic chemicals as electron acceptors for anaerobic respira-
tion, other organisms can use inorganic molecules as electron donors.
Examples of inorganic electron donors are ammonium (NH4+), nitrite
(NO2~), reduced iron (Fe2+), reduced manganese (Mn2"h), and H2S. When
these inorganic molecules are oxidized (for example, to NO2~, NO3~",
Fe3+, Mn44", and SO42~, respectively), the electrons are transferred to
an electron acceptor (usually O2) to generate energy for cell synthe-
sis. In most cases, microorganisms whose primary electron donor is
an inorganic molecule must obtain their carbon from atmospheric
CO0 (a process called CO2 fixation).

Fermentation, A type of metabolism that can play an important role
in oxygen-free environments is fermentation. Fermentation requires
no external electron acceptors because the organic contaminant serves
as both electron donor and electron acceptor. Through a series of
internal electron transfers catalyzed by the microorganisms, the or-
ganic contaminant is converted to innocuous compounds known as
fermentation products. Examples of fermentation products are ac-
etate, propionate, ethanol, hydrogen, and carbon dioxide. Fermenta-
tion products can be biodegraded by other species of bacteria, ulti-
mately converting them to carbon dioxide, methane, and water.

Secondary Utilization and Cometabolism. In some cases, microorgan-
isms can transform contaminants, even though the transformation
reaction yields little or no benefit to the cell. The general, term for
such nonbeneficial biotransformations is secondary utilization, and an
important special case is called cometabolism. In cometabolism the
transformation of the contaminant is an incidental reaction catalyzed
by enzymes involved in normal cell metabolism or special detoxifica-
tion reactions. For example, in the process of oxidizing methane,
some bacteria can fortuitously degrade chlorinated solvents that they
would otherwise be unable to attack. When the microbes oxidize
methane, they produce certain enzymes that incidentally destroy the
chlorinated solvent, even though the solvent itself cannot support